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ABSTRACT

Ethylene increased the germination of freshly imbibed lettuce
(Lactuca sativa L. var. Grand Rapids) seeds. Seeds receiving
either red or far-rea light or darkness all responded positively
to the gas. However, ethylene was apparently without effect on
dormant seeds, those that failed to germinate after an initial

- red or far-red treatment. Carbon dioxide, which often acts as a
competitive inhibitor of ethyletne, failed to clearly reverse
ethylene-enhanced seed germination. While light doubled ethylene
production from the lettuce seeds, its effect was not mediated
by the phytochreme system since both red and far-red light had a
similar effect.
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I. INTRODUCTION I

The ability of ethylene to increase seed germination has b-een described
in a number of earlier papers.1- in a preliminary report5 the ability

*of ethylene to increase lettuce seed germination was described. Grand
Rapids lettuce seeds were chosen because it is known6 that phytochrome
is able to regulate the germination of this variety. A number of reports
have demonstrated that phytochrome is able to regulate ethylene production
from seedling tissue, 5 "v' and the purpose of our study was to determine-
if. the germination-stimulating action of red light was due to its
ubility-to regulate ethylene production.

II. MATERIALS AND METHODS

Seeds of Lactuca sativa L. var. Grand Raoids were stored at -15 C
until required for use. About 100 seedi were spread on three layers of
moist filter paper in 9-cm petri dishes and placed in the dark-at 30±_2 C
for a 5-hour ixibibition period. After this imbibition period, the
seeds were exposed to various light sources or temperatures and then

stored either in 10-liter desiccators for ethylene and CO2 treatments
-or in gas collection bottles for ethylene production measurements.

The far-red light was provided by a 150-watt incandescent lamp
fitted with a 165-mm Corning filter No. 2600 CS 7-69. For red light,
Corning filter No. 3961 CS 1-56 was used. All light treatments were
given for 15 minutes, which was adequate to elicit the phytochrome
response. Except :for the exposure to red or far-red light, all
manipulations were performed under a green light (Corning filter CS 5-75),
which had no effect on seed germination.

"Gas chromatography was used to determine the ethylene content of the

gas phase surrounding the lettuce seeds. Two-milliliter gas samples were
injected into an oxygen-hydrogen flame ionization gas chromatograph
fitted with a k-inch, 60-cm activated alumina column run at 100 C.
Sensitivity of the chromatograph permitted the determination of 25 p1
(picoliter = 10-12 liter) ethylene per ml. Carbon dioxide used in these
experiments contained less than 0.01 ppm ethylene. One ppm of ethylene
equals 1.25 x 10-9 g or 1 nI (nanoliter = 10-9 liter) ethylene per ml
gas phase. -

.---- -: ]"
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The CO2 and ethylene were added to the gas phase surrounding the seeds
by creating a partial vacuum inside the desiccators, inserting a syringe
through a rubber vaccine cap covering the desiccator outlet, and then
removing the vaccine cap to equilibrate the contents to atmospheric
pressure. Ethylene production was -determined by placing the lettuce seeds
on moist filter paper in gas collection bottles (5 cm in diameter and 2.5 cm
high, fitted with a neck to accommodate a 25-mm diameter rubber vaccine

4*-• cap) and sampling the gas phase with a syringe.

III. RESULTS

The ability of ethylene to increase the rate of lettuce seed germination
is shown in-Table 1. The gas increased the rate of germination of seeds
given a prior treatment of darkness or red or far-red' light,

TABLE I" EFFECT OF ETHYLENE ON LETTUCE SEED GERMINATION
AFTER 24 -HOURS

Germination, %.,
"at Indicated ppm 2thylene-

Light Treatmentd/ 0 110 100

Far-red 3 4 6 8

"" Red 33 45 56 56

Dark control 13 22 20 20

a. 500 seeds per treatment.

High concentrations of CO2 usually block the biological activity of
ethylene. However, as shown in Table 2, CO2 alone increased germination,
especially at the 157 concentration, and failed to give a uniform -reversal
of ethylene action.

Ethylene appears to affect only the initial stages of germination.
Figure I shows geinination was essentially completed by 24 hours and that,
while ethylene ';-;reased the total per cent germination, the period of time
"over which germieation occurred was not extended.

"t '
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TABLE 2. EFFECT OF 1 PPM ETHYLENE AND CO2 ON LETTUCE SEED
,GERMINATION AFTER 24 -HOURS

Light Level of Germination, %, at Indicated Conditicn.
"TreatmentV C02, % Control Ethylene CO CO2 + Ethylene k

Far-red 10 2 8 3 7
Red 10 37 51 36 +49

-Dark conitrol 10 11 27 21 29

Far-red 15 2 6 4 10
Red 1-5 37 58 41 48

Dark control 1-5 2 6 4 10

a. 1.,600 seeds per treatment.

100-I I
so - - ::

80-

40 ~4o ~PARK±-C 2 94

20 0- o--.--.oRED

DARKI0
0 1 2- 3 A: 5

DAYS V

FIGURE 1. Effect of 10 ppm Ethylene Added after
- -Imbib'iticn on the Germination-of Gran~d Rapids

-Lettuce Seeds.
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The ability of ethylene to act only-during the initial stages of
germination was demonstrated in another .way,. In this ~experiment, :seeds -were
_permitted to gerxniiate as a -result 4of various light tr~eatments~, ,and .after
no further germination was observed the remaining seeds -e.-re then treated
-with 4ethylene. As shown in 'Figure :2., ethylene had ,no further 4effect ,on ithe

4 ~germination 4of the lettuce seeds, Hlowever., ithe tungerminated :seeds ~wer~e
4 still viable because theiy germinated when exposed to a 15 tC cold treatment

(Fig. 3),. The cold -treatmznt .was ~ap'lied by. lowerIng the tenmperature ito
15 kC after the .3rd day and holding the seeds at -that itenmperature -until

germination cwas measured .on the 5th ~day.

ýOther workers have -shown that 4ethylene p3roduc-tion :msy 'be controlledV
byr phytochrome.913o Zecause lettuce seed ,germination apper to fbe,

f, xegula-ted -by phytochrome and ethylene ~appears to regulate the xate of
germination, a series of 4exyeriments -was initiated to .determine if !phytothruome
regulated ethylene -production from the lettuce seeds..

The data in Table 3 indicate that, wh-ile light ,dd increase the -rate
of ethylene :production, both red and far-rxed light ~apyeax to be .equally
effectlve,. This experiment was p~erformed 'by :first giving .all :the seeds
a 5-hour imbibi-tion :period at :30 -C in the kdark f ollowed by a ted, far-xred,
or dark control :treatment,. The :seeds ,were -then -allowed ~to ýgerminate and
the ~germinated seeds -were discarded every :24 hours.. After 72 liours, ',when
germination %was essentially complete,, five samples 4of 200 mungerminated

I ~seeds 'were pl~aced In ' gas 4collection bottles.. Zthylene ,production and alny
-~ ~ - further ,germination -,was recorded :24 'hours later.. As shown in 2Table 3, most

4of the lettuce :seeds :remained Adormant., and the rate of ethylene Production
j from seeds treated .with eithier red or fai-red light -was about the same

and twice that .of <the 4datkc controls..

~ isAnother way to determine if ethylene production from lettuce :seeds
is cntrlle 'bphytochr~ome is to comae the rate of ýethylene . roduction

from germinating seeds g iven a :.prior exposure to tred., far-red, cdarkness,
and cold. In this exýperiment all the -seeds 'were ~given a 3-hiour 304.
inibibitio.-i -period. The seeds -~r~e then Ai-vlded into four :sets 4of 2 ,WOO
seeds each. One set 'was illuminated \wih 4amnutes .of red light.; another4
was iluminated -with far-red light- -he two ~other sets ýof !seeds .were :held
in the dark -during this time- After this 15-Minute treatment 1period,j the seeds from each treatment were placed in ýgas colleL-tion bottles, .100 seeds
per bottle, the bottles were sealed,.and ethylene production and germination
were determined 24 iiours later. In ,the ~case of seeds treated with 4cold.,
the seeds were transferred toa -4 C incubation chamber and left there
f or 2, 'hours. :Lots of 100 seeds were then p)lacedl in 'gas collection bottles,
the bottles were sealed, and germination and the ethylene content of
the gas phase were determined 24 hours later.. The seeds-were kept in the

dark duri-k-g th-ese manipulations..
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TABLE 3. ETHYLENE PRODUCTION FROM NONGERMINATING LETTUCE SEEDS
DURING A 24-HOUR PERIOD

' % Additional ppm C2 14 C2H4, pl per

Treatment Germination -in Gas Phase- Nongerminating Seed

Far-red 0.2 0.10 23

-- Red 0.6 0.094 21

Dark control 0.2 0.044 9.9

4 ,-

The following assumptions were made in calculating the data presented
N• in Table 4. First, that the germination-stimulating 4 C treatment slowed
• the physiological processes of the seeds to an insignificant rate and

that they continued at a normal rate when the seeds were returned to 30'C.
SSecondly, that the rates of ethylene production calculated for the

ungerminated seeds given various treatments described- in Table 3 could
b'eused in determining the rates o. ethylene production from the germinating
seeds. The data in Table 4 indicate that ethylene production from
"gerininating seeds is an -orz,,i ,f magnitude greater than that from dormant
o bnes and that light, red ox far-red, had no effect on the rate of ethylene
production.

TABLE 4. ITHYLENE PRODUCTION FROM GERMINATING LETTUCE SEEDS DURING
A 24.-HOUR PERIOD

ppm C2 H4 in C2H4 , Pl
1'eatment Germinati.on, % Gas Phase pef Germinating Seed

Far-red 7 0.090 259

Red 43 0.287 272

Dark control 25 0-145 " 232

Dark, 4 C 50 0.300 260 4

"- - .
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IV. DISCUSSION

Stimulation of seed germination by ethylene has been reported earlier
by a number of workers.1-s Ethylene chlorohydrin. which often mimics
ethylene, has also been reported to increase the germination of tree seeds. 11
Data presented here indicate that ethylene could also increase lettuce
seed germination. However, C02 did not act as a competitive inhibitor as j
it does in a number of other processes regulated by ethylene, such as root 1 2

and stem13 growth inhibition, fruit ripening,' 4 celery blanching,is5 flower
wilting,is abscission," hook opening,' 0 and pezoxidase formation. 7

Toole, Bailey, and Toole3 also noticed that CO2 did not overcome the ability
of ethylene to stimulate peanut seed germination. The observation that
CO2 was unable to overcome ethylene-stimulated seed germination suggests
that- the mechanism-of ethylene action in seed germination may be different
from other phenomena mentioned above. 4

The data presented here indicate that ethylene does not act by overcoming
dormancy. Treatment of- dormant seeds with ethylene had no effect on {
germination (Fig. 2), but a 15 C cold treatment did result in essentially
complete-germination (Fig. 3). In addition, ethylene does not appear
to act by enhancing phytochrome action; if it had, ethylene would have
decreased germination of seeds receiving far-red Light as well as,-increased-
the-germination of seeds receiving red light.

Germination is a complex phenomenon involving imbibition, mobilization, I
cell enlargement, cell division, and cell differentiation. Ethylene is
known to influence a number of these processes. including enzyme secretion,8

cell enlargement and differentiation, 2 - a:nd hook opening.910 The role
of ethylene in lettuce seed germindtion is not clear, but, the data
presented here suggest that its action is limited to initial steps in the
germination process because it was effective only when applied to freshly I
imbibed seeds (Fig. I versus Fig. 2).

Ethylene has been: shown to act as an intermediate in the action of
a-xxinj,l2'le gibbereflin,, 9 abscisic acid,' 9 malf~rmin, 2 ° and 2,4-
dich -peoxaei acid .2 '1 Goeschl et al.9 and Kang et al.' 0 reported3
that ethylene may serve as an intermediate in phytochrome-mediated-
processes such as the hook opening response. Because lettuce seed
germinatiom is influenced by ethylene and phytochrcme has been shown to •
regulate germination, experiments on the control of ethylene production

frbm lettuce seeds by red and far-red light were performed. In -an
abstract published earlier,s we reported that phytochrome did regulate
ethylene production because seeds treated with red light produced more
ethylene than controls. The data presented here, however, indicate that
seeds treated with red light produce:more ethylene only because
germinating seeds -produce ten times as much ethylene as dormant ones
(Table 3 versus Table 4). While light did appear to increase ethylene
production from lettuce seeds, it apparently made no difference if red

-,or far-red light was used (Table 3), and we conclude that the germination-
stimulating effect of red light is not due to the control of ethylene

-production, - -

Z -- -7 - : - ~ --
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